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(54) ARTIFICIAL BLOOD VESSEL 

(57) An artificial blood vessel comprising a tube 
made of a supporting skeletal material and a collagen 
layer of ultraf ine fibers provided at least outside the 
tube, and a process for preparing the same. This vessel 
is advantageous in that the material therefor is easily 
available, that the application to a living body causes no 
significant rejection, that a suture may be held after 
implantation for a long period of time, and that, after a 
given period of time, it can be entirely or partially 
absorbed; into the living body and decomposed. 
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Description 



Technical Field 



[0001] The present invention relates to an artificial 5 
blood vessel and a method for producing the same that 
can be used in the fields of human and veterinary med- 
ical care. 



Background Art 



to 



[0002] Artificial blood vessels are artificial organs 
used for the purpose of circulation repair in the field of 
vascular surgery. Since artificial blood vessels have the 
characteristic of being permanently implanted in the is 
body, particularly rigid standards are required with 
respect to safety. In addition to not changing in size (e.g. 
dilation), not causing the occurrence of new aneurysms, 
ruptures and so forth, they are also required to have bio- 
affinity and be composed of materials having histocom- so 
patibility. As predecessors of the artificial blood vessels 
of today, artificial blood vessels for medical use have 
been developed over the past forty years and are cur- 
rently available on the market. These include artificial 
blood vessels made of PET, those made of drawn poly- 25 
tetrafluoroethylene film (EPTFE) and those originating 
in living tissue. Other examples of products that have 
been developed include knit or woven artificial blood 
vessels made of PET (trade name: Dacron) -or PTFE 
(Teflon), those in which artificial blood vessels are 3d 
coated with collagen or gelatin (Hemashield or Zero- 
seal)in order to prevent bleeding from the mesh of these 
woven artificial blood vessels immediately after their 
replacement, and those that prevent bleeding and 
thrombus formation inside the vessel by coating the 35 
mesh of these woven artificial blood vessels with albu- 
min. Artificial blood vessels made of EPTFE (trade . 
name: Goatex) offer the advantage of making it difficult 
to form thrombi. On the other hand, with respect to 
those originating in living tissue, although there are 40 
some examples for which satisfactory patency is 
obtained by treating dog artery with surfactant (see 
Brandel, et al. , Japanese Provisional Patent Publication 
No. 60-501540) to form a connective tissue tube fol- 
lowed by homotransplantation, these are still only at the 45 
experimental stage. In humans, although body tissue is 
used for transplantation by taking out congenic arteries 
and veins from cadavers followed by storing after freez- 
ing gradually to reduce isoimmunization, it is actually 
essential to use an immunosuppressant to avoid rejec- so 
tion. In addition, artificial blood vessels have also been 
developed in which human umbilical cord vein is 
crpsslinked with a crosslinking agent, after which the 
outside thereof is coated with an extremely coarse 
Dacron mesh. ... 55 

[0003] On the other hand, collagen is also known as a 
medical material, and this is used in combination with 
living tissue originating and artificial materials (see Jap- 



anese Provisional Patent Publication No. 2-109569 and 
Japanese Provisional Patent Publication No. 7-1 16242). 
Collagen has excellent bioaff inity, histocompatibility and 
low antigenicity, as well as action that promotes host cell 
extension and growth It also has hemostatic action and , 
is completely absorbed in the body. This collagen is 
obtained by extracting from various animals, and insolu- 
ble collagen is treated with base or enzyme. However, 
extracted collagen is in the form of monomers and oli- 
gomers at the molecular level, and is broken down 
extremely rapidly in water, humor and blood. Conse- 
quently, in order to use these cpllagens as medical 
materials, it is necessary that they be crosslinked with a 
crosslinking agent, gamma rays, ultraviolet rays, elec- 
tron beam or heat to give them suitable physical proper- 
ties prior to use. However, the use: of powerful 
crosslinking agents results in a loss of the biochemical ; 
properties of the collagen. What is more, even if 
crosslinked in this manner, there is hardly, any improver 
ment in the tear strength of other physical properties of. 
the collagen material. Consequently, in the case of 
using collagen in combination w'rth other materials as an 
artificial organ, the needle holes in the sutured surface 
after being transplanted in the body end up enlarging as 
a result of being unable to withstand the load, ultimately 
resulting in rupture. As is indicated , by ibis example,; it 
has not been possible to produce products requiring 
specific physical properties. Artificial -blood vessels 
composed by combining collagen with other materials , 
also have the disadvantage of the sutured portion not . 
being maintained for a long time in the body. 

Disclosure of Invention >-■' 

[0004] There is a need for an artificial blood vessel for . 
use as a medical material for which its . materials are' 
easily acquired, causes very. little; rejection after being, 
transplanted into the body, allows sutures to be main- 
tained for a long time after transplant, and all or a por- 
tion is absorbed and degraded in the body after a 
predetermined period of time. 
[0005] The applicant/inventor developed collagen hav- 
ing excellent physical properties;, is able to withstand 
suturing, does not require the use of chemicals in the 
crosslinking procedure, and as a result, suffers no loss 
of its biochemical properties, and combined this colla- 
g en with a living tissue Originating or artificial material 
easily obtainable and having low- antigenicity, thereby 
leading to the acquisition of a novel artificial blood ves- 
sel of the present invention. 

[0006] The present invention relates to an artificial 
blood vessel provided with collagen. layer composed of 
ultra-fine fibers on at least the outside, and namely the 
outside or outside and inside, of a tube composed of a 
supporting framework material impregnated with a col- 
lagen solution, a collagen coated layer On its: outside, 
and a matrix gel layer containing collagen on; the tube 
lumen. The present invention also relates to a method 
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for producing the same. ■ 

[0007] Various bulk materials can be used for the sup- 
porting framework material in the artificial blood vessel 
of the present invention. Examples of tubes composed 
of those materials include connective tissue tubes origi- 
nating in the arteries or veins of humans or animals 
other than humans (e.g., dogs, pigs, cows), and partic- 
ularly that originating in umbilical vein, connective tissue 
tubes originating in human subcutaneous tissue 
according to the Sparks-Mandrel method, tubes com- 
posed of non-degradable synthetic polymer mesh such 
as polyurethane, silicone or PET, and tubes composed 
of biodegradable and absorbable synthetic polymer 
mesh such as polyglycolic acid, polylactic acid, polydi- 
oxanone or copolymers of polyglycolic acid and polylac- 
tic acid: and copolymers of polylactic acid and e- 
caprolactone. 

[0008] Tubes composed of arteries or veins of 
- humans or animals other than humans used as the sup- 
porting framework material of the present invention are 
used in the present invention in the form of connective 
tissue tubes of biological origin after extracting these 
vessels, washing by ultrasonic treatment with sterile 
water containing protease inhibitor, treating with a tris 
: buff ercontaining non-ionic surfactant and protease 
inhibitor, manually removing adhered substances, addi- 
tionally washing with sterile water, washing by ultrasonic 
treatment and thereby being purified. For example, in 
the case of human umbilical vein, only the vein having 
the larger diameter is used from human umbilical cord 
having a structure in which one artery and two veins are 
surrounded by Walton's colloid. Endothelial and adven- 
titial cells are removed from this umbilical vein to reduce 
antigenicity and obtain a tube in the form of a connec- 
tive tissue tube composed of collagenous fibers, elastic 
fibers and basement membrane. Namely, this tube has 
lower antigenicity and little risk of rejectionduring trans- 
plant. According to this .method, umbilical cords dis- 
carded conventionally following childbirths can be used 
effectively, and since umbilical veins originate in 
fetuses, there is less risk of bacterial infection than the 
case of using blood vessels of adult humans (adult ani- 
mals). In this way, in the case of using connective tissue 
tubes originating in blood vessels of humans or animals 
other than humans for. artificial blood vessel materials, 
since tubes that inherently functioned as blood vessels 
are used as blood vessels after reducing antigenicity, 
they have excellent compliance required as blood ves- 
sels, are biocompatible and biodegradable, and in the 
case of using umbilical vein and so forth, it is possible to 
obtain narrow artificial blood vessels that were essen- 
tially unable to be achieved with conventional artificial 
materials due to the susceptibility of thrombus forma- 
tion. 

[0009] Here, the basement membrane in the connec- 
tive tissue tube originating in an artery or vein of a 
human or animal other than a human has the role of 
promoting regeneration of recipient's endothelial cells 
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by serving as the foundation for endothelial cell regener- 
ation in the form of a cell guiding path following trans- 
plantation of the artjficial blood vessel of the present 
invention into the body, and the connective tissue tube 
5 of the transplanted blood vessel is finally broken down, 
absorbed into the body, and replaced by cells of the 
recipient. 

[0010] The tube composed of the connective tissue 
tube according to the Sparks-Mandrel method used in 

10 the present invention refers to a tube in which a rod- 
shaped object having the desired diameter of an artifi- 
cial material such as silicone or PET is coated with a 
mesh made of silicone, PET or polyurethane, implanted 
for 4-8 weeks in subcutaneous tissue of a human 

is (patient) followed by removal of that rod-shaped object 
along with a capsule-shaped connective tissue tube in 
which a collagenous fibers layer is formed around it. 
The membrane thickness of the tube can be controlled 
by adjusting the thickness of the mesh material as 

20 desired. 

[0011] The tube composed of a synthetic polymer 
used in the present invention is a tube in which threads 
made of a polymer such as PET, polyurethane or sili- 
cone are woven into a mesh. 

2s [0012] The tube composed of a biodegradable and 
absorbable'synthetic polymer used in the present inven- 
tion is a tube in which threads made of polyglycolic acid, 
polylactic acid) polydioxanone, copolymer of polygly- 
colic acid and polylactic acid or copolymer of polylactic 

3o acid and e-caprolactone and so forth are woven into a 
mesh. 

[0013] The artificial blood vessel of the present inven- 
tion is that in which a tube composed of a supporting 
framework material composed of the above-mentioned 

35 bulk materials is treated by impregnating and coating 
with an extracted collagen solution. In the present 
invention, there are no particular restrictions on the ori- 
gin of the collagen used to impregnate and coat the 
tube, and typically collagen can be used that is obtained 

40 from the skin, bone, cartilage, tendon or organs of 
mammals such as cows, pigs, rabbits, sheep, mice or 
birds. 

[0014] The extracted collagen used in the present 
invention refers to that in which antigenicity has been 

45 reduced by extracting after protein decomposition of 
these tissues with acid, base or enzyme and so forth. 
[0015], In order to impregnate collagen into the . tube, 
the tube is immersed in a hydrochloric acid solution of 
extracted collagen (type I) followed by drying. Collagen 

so molecules are dispersed throughout this hydrochloric 
acid solution of extracted collagen. As a result of per- 
forming this treatment, a structure is formed in the case 
of supporting framework material of biological origin in 
which collagen is incorporated between the connective 

ss tissue, thereby promoting cell growth following artificial 
blood vessel transplant. 

[0016] As shown in Figs. 1, 2 and 3, the artificial blood 
vessel of the present invention has compressed layer 2 
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composed of ultra-fine fibers of extracted collagen (type 
I) on the outsides of the above-mentioned extracted col- 
lagen-impregnated tubes 1 , 5, or on the outside and 
inside of similar tube 6. Collagen molecules are not dis- 
persed throughout this layer. Individual molecules 
gather to form ultra-fine fibers (diameter of about 5 nm), 
and these fibers then gather to form fine fibers (diame- 
ter of about 50 nm). and several of these gather to form 
narrow fibers (diameter of about 2 nm). Each of these 
narrow fibers then alternately overlap in the manner of 
warp and weft to form fibers having a diameter of about 
6 jim, and a structure is formed in which these fibers are 
arranged in a fixed direction. Microscopically, this struc- 
ture appears as a porous, non-woven fabric in the 
shape of compressed honeycombs. The thickness of 
the collagen layer having this structure is about 0.5-2.5 
mm, and preferably about 1 -2 mm. This collagen layer 
composed of ultra-fine fibers can be formed by freezing 
a layer composed of a hydrochloric acid solution of 
extracted collagen disposed around a connective tissue 
tube or synthetic polymer tube impregnated with 
extracted collagen and then dried followed by immedi- 
ately by freeze-drying and then compressing it : 
[001 7] The artificial blood vessel of the present inven- 
tion allows amorphous collagen to penetrate between 
the above-mentioned ultra-f ine fibers by further impreg- 
nating a tube having collagen layer 2 composed of said 
ultra-fine fibers with extracted collagen (type I), and 
forming extracted collagen layer 3 on its outside, and 
thereby coating the collagen layer composed of ultra- 
fine fibers with a characteristic upright fiber, surface. In 
this coating layer, collagen molecules do not form a 
fibrous structure, and instead exist in a dispersed, 
amorphous state. 

[001 8] After forming two collagen layers composed of 
an ultra-fine fiber layer on the outside or outside and 
inside of a collagen-impregnated tube, and an amor- 
phous layer on top of it in the manner described above, 
the artificial blood vessel of the present invention is 
obtained by thermal dehydration crosslinking the entire 
structure. This artificial blood vessel has a collagen 
iayer having excellent physical properties that is 
obtained without using a crosslinking agent or other 
chemical substances and retains the biochemical prop- 
erties of collagen. Since the collagen layer composed of 
ultra-fine fibers of the present invention obtained in this 
manner has strength that is able to withstand suturing 
that is not found in conventional collagen membranes, 
when transplanting the artificial blood vessel of the 
present invention, the sutures are well maintained even 
after being sutured to the recipient's blood vessel with 
surgical thread, and there is no problem associated with 
the prior art in which the portion of the collagen layer 
containing needle holes ruptures as a result of being 
unable to withstand the load. 

[001 9] Moreover, the lumen of the tube composed of 
a supporting framework material of the artificial blood 
vessel of the present invention is coated with matrix gel 



layer 4 containing collagen (type IV), which gives the 
function of promoting extension and regeneration of 
endothelial cells as a substitute for basement mem- 
brane, white also approaching blood vessels in the 

5 body. Tubes obtained by the Sparks-Mandrel method 
described above and tubes composed of two types of 
synthetic polymer mesh are used to form the artificial 
blood vessel of the present invention by forming the 
above-mentioned two collagen layers, and providing a 

io matrix gel layer containing collagen, which is the basic 
component of the basement membrane, in both their 
lumen in place of a basement membrane layer. This 
matrix gel layer fulfills the same function as the base- 
ment membrane of human and animal blood vessels, 

is and achieves the objective of promoting regeneration of 
recipient's endothelial cells in the case of transplanting 
artificial blood vessels. On the other hand, in the case, of 
tubes composed of bloodvessels of humans or animals 
other than humans as well, a matrix gel coating layer is 

20 also preferably provided on the surface of the basement 
membrane for the purpose of promoting rapid tissue 
extension and regeneration. 

Brief Description of Drawings 
[0020] 

Fig. 1 is a cross-sectional schematic drawing 
(assuming a circular cross-section; to apply simr- 

30 larly hereinafter) of the artificial blood vessel of the 
present invention in the case of using a tube com- 
posed of animal artery or vein for the supporting 
framework material (furthermore, dimensions have 
been exaggerated to facilitate understanding of the 

35 structure of the present invention; to apply similarly 
hereinafter). 

Fig. 2 is a cross-sectional schematic drawing of the 
artificial blood vessel of the present invention in the 
case of using a connective tissue tube originating in 
40 human (patient) subcutaneous tissue according to 
the Sparks-Mandrel method* for the supporting 
framework material. 

Fig. 3 is a cross-sectional schematic drawing of the 
artificial blood vessel of the present invention in the 
45 case of using a tube composed of non<iegradable 
synthetic polymer mesh or biodegradable and 
absorbable synthetic polymer mesh for the support- 
ing framework material. 

so [0021 ] In the drawings, the reference numerals repre- 
sent the following: 

1 : Layer in which a layer of biological origin (base- 
ment membrane component + elastic fibers layer 
55 + collagenous fibers layer) is impregnated with 

extracted collagen; 

2: Layer in which extracted collagen is formed into 
ultra-fine fibers; 
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3: Extracted collagen amorphous layer; 

4: Matrix gel coating layer; 

5: Layer in which a collagen fiber layer formed by 
subcutaneous implantation is impregnated with 
extracted collagen; and 

6: Layer in which non-degradable synthetic poly- 
mer mesh or biodegradable and absorbable syn- 
thetic polymer mesh is impregnated with 
extracted collagen. 

Best Mode for Carrying Out the Invention 

[0022] The artificial blood vessel of the present inven- 
tion is the one that a connective tissue tube originating 
in artery or vein of humans or animals other than 
humans (such as dogs, pigs or cows), and particularly 
originating in umbilical vein, a connective tissue tube 
originating in human subcutaneous tissue according to 
the Sparks-Mandrel method, a tube composed of non- 
degradable synthetic polymer mesh such as poly- 
urethane, silicone or PET, or a tube composed of biode- 
gradable and absorbable synthetic polymer mesh such 
as polyglycolic acid, polylactic acid, polydioxanone, 
copolymers of polyglycolic acid and polylactic acid and 
copolymers of polylactic acid and e-caprolactone, are 
coated with a plurality of collagen layers thereon. 
[0023] A 1 N hydrochloric acid solution (pH = 3) con- 
taining about 0.5-3 wr% of extracted collagen is impreg- 
nated into a tube composed of this type of supporting 
framework material to allow the collagen to penetrate 
into the supporting framework material followed by dry- 
ing. Impregnation time is 12-48 hours and preferably 24 
hours. The concentration of extracted collagen is most 
preferably 0.5 wt%. As a result of this treatment, regen- 
eration of cells is promoted following transplantation of 
the artificial blood vessel due to : collagen molecules 
being incorporated in the supporting framework. This 
step is repeated 1 -5 times. 

[0024] A glass or silicone rod is passed through the 
tube composed of the supporting framework material 
following collagen impregnation and drying, the tube 
inserted the rod therein is placed upright in a container 
containing 1 N hydrochloric acid solution (pH = 3) con- 
taining about 0.5-3 wt%, and particularly 1 wt%, of 
extracted collagen, after which it is frozen in that state 
for about 6-48 hours, preferably at least 12 hours, and 
particularly preferably 24 hours, at preferably -10 to - 
196°C,*and particularly preferably about -20°C. At this 
time, collagen composed of ultra-fine fibers is formed in 
the frozen collagen layer on the outside or outside and 
inside of the tube. 

[0025] The tube composed of the above-mentioned 
supporting framework material on which the frozen col- 
lagen solution layer is formed on its outside or outside 
and inside is immediately freeze-dried without returning 
to normal temperature to vaporize the water. The colla- 
gen layer demonstrates a layered structure composed 
of ultra-fine fibers and is in the form of a non-woven fab- 



ric. The thickness of the ultra-fine fibrous collagen layer 
formed at this time is adjusted to be about 0.5^2.5 cm, 
and preferably about 1-2 cm. 

[0026] The tube of the above-mentioned supporting 

s framework material provided with a layer composed of 
ultra-fine fibrous collagen obtained in the manner 
described above is.compressed with a pressing appara- 
tus with the glass or silicone rod still passing through it. 
The compression conditions at this time are such that 

10 the compression ratio, namely the ratio of the thickness 
of the collagen layer after pressing to the thickness of 
the collagen layer before pressing, is 0.005-0.3, and 
preferably 0.1. The collagen layer composed of ultra- 
fine fibers obtained in this manner has physical proper- 
's ties not found in conventional collagen membranes. 
[0027] A procedure consisting of immersing the colla- 
gen-coated tube obtained in the above manner in a 1 N 
hydrochloric acid solution containing about 0.5-3 Wt%, 
and particularly 2 wt%, of extracted collagen followed by 

20 drying is repeated 1-20 times corresponding to the 
strength of the vessel wall desired, amorphous collagen 
is impregnated between the ultra-fine fibers, and an 
amorphous collagen layer is also cast on the ultra-fine 
fiber layer. ^ 

25 [0028] The tube obtained in this manner is then sub- 
jected to crosslinking treatment. Although crosslinking 
methods including gamma ray crosslinking, electron 
beam crosslinking, ultraviolet ray crosslinking, thermal 
dehydration: crosslinking, gtutaraldehyde crosslinking, 

so epbxy crosslinking and wafer-soluble carbodiimide 
crosslinking cart be used, thermal dehydration 
crosslinking is preferable since control of the degree of 
crosslinking is easy while effects on the body is mini- 
mized as a result of not using chemical substances for 

35 crosslinking treatment. Thermal dehydration crosslink- 
ing treatment is performed in a vacuum at about 105- 
150°C. and preferably 120-150°C, for about 6-48 hours, 
and preferably 6-24 hours. For example, the greatest 
crosslinking density is obtained in the case of treating at 

40 1 40"C for 48 hours, and the degrees of crosslinking is 
85-90%. The glass or silicone rod is removed after 
crosslinking treatment to obtain an artificial blood Vessel 
composed of a supporting framework material coated 
with collagen. The retention time of the artificial blood 

45 vessel Of the present invention in the body after trans- 
plant can be adjusted by adjusting the temperature and 
duration of crosslinking treatment at this time. 
[0029] Furthermore, this thermal dehydration 
crosslinking may be performed twice, namely once 

so before or after the above-mentioned compression step, 
and once more after casting of the amorphous collagen. 
[0030] Moreover, the artificial blood vessel of the 
present invention can be given a function similar to the 
basement membrane of a blood vessel in the body by 

55 coating the lumen "of the tube with a matrix gel immedi- 
ately after performing thermal crosslinking treatment. 
This matrix gel contains collagen (particularly type IV, 
for example, 30 wt%), laminin (for example, 50-60 wt%), 
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heparan sulfate proteoglycans (for example, 2-5 wt%), 
entactin (for example, 5-10 wt%) as well as EGF (epi- 
thelium growth factor), pFGF (fibroblast growth factor), 
NGF (nerve growth factor), PDGF (platelet-derived 
growth factor), 1GF-1 (insulin-like growth factor). TGF-p 
(transforming growth factor) and so forth that serves as 
the foundation for extension and regeneration by recipi- 
ent's endothelial cells, and the lumen of the tube is 
coated by method consisting of dipping the tube in a 10 
wt% aqueous solution of this gel for 60 minutes at room 
temperature and drying K. 

[0031] The collagen layer formed on the outside or 
outside and inside of a tube composed of a supporting 
framework material in this manner is present in the body 
for a fixed period of time after the artif icial blood vessel 
bf the preserit invention is transplanted into the body, 
arid during that time, is replaced by growth of recipient's 
tissue. In the case of a tube originating in umbilical vein, 
ultimately endothelial cells regenerate and grow by 
using the basement membrane portion of #ie lumen 
surface as a foundation until all endothelial cells are 
rebuift and regenerated as the recipient's own blood 
vessel tissue. In general, a tube originating in humans 
or animals other than humans are degraded and 
absorbed by the body 6-10 weeks after transplant, and 
in the case of biodegradable and absorbable synthetic 
polymer mesh; are degraded and absorbed 6-8 weeks 
after transplant. 

[0032] Although the following provides an example of: 
the present invention, this example does not limit the 
present invention: 

Example 1 Artificial Blood Vessel Using Human Umbili- 
cal Vein 

[0033] Umbilical vein was excised from human umbil- 
ical cord followed by washing for 48 hours at room tem- 
perature or 40°C with a 1% aqueous solution of Triton X- 
100, and additionally washing for 48 hours under run- 
ning water. Thus obtained connective tissue tube origi- : 
nating in umbilical vein was immersed in a 1 wt% 
aqueous collagen solution and dried, and this proce- 
dure was repeated five times. This tube was then 
allowed to stand upright in a 1 N hydrochloric acid solu- 
tion containing 1 wt% collagen with a support rod pass- 
ing through it, followed by freezing for 24 hours at -20°C. 
Next, the frozen tube was then freeze-dried to form an 
ultra-fine fibrous layer having a thickness of 1 0 mm. This 
was then compressed at 50 kg to form a tube having a 
thickness of 1 mm. This was then immersed in a 1 wt% 
aqueous collagen solution and then dried, and this pro- 
cedure was repeated 10 times. Next, thus obtained tube 
was thermal dehydration crosslinked for 12 hours at 
140°C to obtain the artificial blood vessel of the present 
invention. Three centimeters in dog carotid artery were 
replaced with this artificial blood vessel. The animal was 
then sacrificed two and a half months after transplant 
and the transplantation site was observed microscopi- 



cally. As a result, the artificial blood vessel was con- 
firmed to have been replaced by the dog's own blood 
vessel tissue. 



[0034] The artificial Wood vessel of the present inven- 
tion offers advantages including (1) the absence of the 
occurrence of rejection since it uses a portion of a mate- 
rial originating in body tissue having low antigenicity or 
uses an artificial material having low antigenicity, (2) the 
ability to withstand pressure and allow suturing using 
surgical thread that was not possible in the case of con- 
ventional collagen membranes since a collagen layer is 
preserit that is formed to be composed of ultra-fine f ib- 
ers, and (3) allows regeneration of recipients endothe- 
lial cells on the surface of the lumen since a biological 
basement membrane portion or an alternative material 
is pr esent oh the surface of that lumen. 

Claims 

1. An artificial blood vessel comprising a collagen 
layer composed of ultra -fine fibers formed on at 

25 least the outside of a tube composed of a support- 
ing framework material 

2. The artificial blood vessel according to claim 1, 
wherein a collagen layer is additionally. formed on , 

30 the outside of the collagen layer composed of ultra- 
fine fibers formed on at least the outside of the tube. 

. 3. The artificial blood vessel according to claims 1 or 
2, wherein the tube is a tube impregnated with col- 
lagen. 
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The artificial blood vessel according ;to anyone of 
claims 1 to 3, wherein the lumen of the tube is 
coated with a matrix gel. 

5. A method for producing an artificial blood vessel 
comprising: 

(1) impregnating a tube composed of a support- 
45 ing framework material with collagen and dry- 
ing; 

(2) freezing a collagen acidic solution at least 
on the outside of this tube followed by freeze- 
drying to form a collagen layer composed of 

so ultra-fine fibers; 

(3) compressing the collagen-coated tube 
obtained in this manner; 

(4) additionally impregnating the tube obtained 
in step (3) with collagen and drying; 

55 (5) thermal crosslinking the tube obtained in 

step (4); and, 

(6) coating the lumen of the tube with a matrix 
gel. 
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